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A STUDY OF THR RATST OF REACTION
OF NO2 WITH VARIOUS ALCOHOLS AT LOW
TEVPERATURES AKD PRESSURES

By John P. Knemmerer, Thomse G. Oollins, Piastro Maimcncl, sad J.C. Zreecy

The prasent work extenda the work of Feirlie OCarberry

and Tresoy and is ooncerned with reactiion retes for

the resction, 2EOx¢R(He HIS0z+ROMO (1). SBurface effects
snd temperature coefficient were evalusted for reactions
involving the Oy to O sliphatioc straight and branched
chain alechols. The reaction has been found to be
surface controlled with alecohol being the sdsorbsd species
and N,0p reacting direatly form the vapor phass. Prastie-
¢lly no reaction was cbaerved with peraffin: max surfaces,
#hile rates of considerehblc magniiude were observed wher
glass, alumirnm, snd 4cflon surfaces sere used. Reaction
rater as well ae oquilibrium conversions wers coneiderably
redused 23 ‘smperature wae incressed. A rate law ie
portulated end sxpcrinental values of constants inwived
are tabulated.

-y

¢ Ths work cf Patrlie, Oarborry and Trescy (1) indicated that the resction
rate of with RCH ras thtrd order se indlicated by lthe stoichiometry, and
mesger indications of surfice offects and a negative tempamture coefficient
were reporied.

Tae present work was undertaken in order that ‘empersture and surfece
eoffects night be quantitatively evelusted, ensbdling & mire complete understand-
ing of mechsnie: and oventuel use of this resotion in ths production of nitrite
osters. This paper descritbee the method used in etudying this rapid surfmce
reaction, presents experiwsntal results, postulstee & mechanism and rate law
and gives values of 7ate and equilibrium constants for use with thie rete law,

EXPERIMENTAL

The photometric msthod waz used for following the course of the resastion.
Of the spscies pressent, only KOp wez found the absorb the filtered greem light
’ used {4%00-3000A). With this light, filtered to remove wave lengths photochemio-
d aliy decomposing to M0y, ¥O, wae detedible te well below O.lmmlHg and ocould be
s deteruined t¢ 2 0.05mm thrﬁﬁwt. ths renge of partial pressurae ussd.

Apparatues The retotion was run in oylindriezl celle of lémgth 122em with
disnetere varying eo se to give surface to volume reiiocs of from 0.9 to 1.4
em~l. With one exception these eelle wore immereed !n a circulating water
thaormoetic bath capadle of controlling temparature toc 2 0.1°C. The sande of the
cells protruded from the bath and wereolosed with plane gluse windows for ad-

(1) A.M.Pairlie Jr.,J.J. Carberry, and J.C. Trsacy, JACS, 75 3786(1953) i

T M GEMOAT (A RN AR SRS 2 e e



S TR RN A RGO B

T

¥
A

4-

mission of the meagurement light beem.

Light was 4bdtained from en incendaceat eource, filtered, collimated and
focused, snd reflected through the resotica ccl! by means of plane mirrers.
Provision was mede to pazs & portion of thia bLeam through a blank tubs, ensbling
a rapid cheok of the constancy of the source. Light leaving ths reastion gell
uss reflected with mirrors upon s photronic photocell whish actusted & ssnsitlve
galvanometer whose output was recorded. Galvancmetsr output wae converted to

velues of particl pressure of mz by means of en ozperieally determined ocslib-
ration ourve. )

Initisl amoumte of reactant were determined by admitting these from storags
into evaduated bull: which were precisely calibrated ss to volume. Pertisl pressure
were deterrined manomstricslly st the tempersture £o be used in the féliowing run.
¥ith ths volums of the reaction ecell being sleo known, thie snzbled cémputation
of initial pertial pressurc that obbained for esch reactant when resctants were
flaehsd into the rsaction ceil. In these oomputatione, due sccount wae tsken
of residusl amounte left in mecsurement bulbs end of the NO,~K30, equilibrium.

Data invélviwmg pprex glass were teken dirsctly within-the cells used. With
surfacss of paraffine, t:flom end Alwnimum, tubes ~ (or coated gises tubes) of
one oot limgth were inscrisd end to end with mxall clesrances into a mush lerger
ocontaining sell. The light bsam was ptssod through the inside of thase tubde
soctions. Ythe reection cell thus coneisted of the volume within the insarted
tubes, which wes in fres comunication with the much larger outeide volume. In
thie work only dsta at 2520 were taken and temperaturs oontrol wee obtained ty
ad Justing room tewmperature to 259 g 0.5.

S8topcocks lubricasted with eilisone grease were used after it was determined
that these were unresctive in the presence of NOz. ’ -

Procedurss Thermostats wsre brought to the desired tempareture, sni ths entire
syster waa owacumted to 0.00ia. No atiempt wee mado to flame apparmtue or 40
reduce prezeure with Hg-diffusion pump. The deeired pressures of alechel and

B0y were aduitted to the messuremsrt bulbs and determined memometrioslly. Alcchols
were boiled betore eech run to eliminate disevived air etc and wore used directly
from 0P eources as careful purificstion had previcunly deen shown not tc affeot
resctions or rsaction rates within the limitas of precision obtainsble. Hip was
tsken directly {rom lecture bottles supplied by Matheecrn Co. and contained lees
then OO% Nz, 02 etc. H

The 1ight intersity mae adjusted Lo & desired reading snd the reeding of the
*blank tube® wes recorded. This reading was checked with frequency during each rui.
Oacaieional veriance of thie blank readine caused little difficulty, dut in such
case3 the data uor coxpletely dissarded and rerun. -

On thseran minute of & runnirg stopwatch, stopcocks adeitting resstants to
the reastion cell were rapidly and simultsneously cpened. Galvanometer readings
were then tsken st sppropriate intervale. Entrance errors due t3d non~eimultaneocus ’
etopcock opening etoc were found to be undetectable inasmuch as computed HOp
rasdings snd aotusl phoigetric determination checksd vsry well.
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Gelvanometer resdings were converted to partisl preesures of NOp by
reans of an empiricel cslibration eurve. Fartisl pressure FC, =as then plotted

vervus time on Jartesian coordimate paper and rates were dstermined by graphioal
differentiation.

Initial values of the resction rate wers divided by partial preeswure N0,
squared sné by partis)l pressure alcohal to give an indictted rate oonstant "i*
vhore reciprocal 13 shown se a fimction of aleohol partial gressure in & gudb-
saquent section of this paper. From thease plets, values of the various constants
asdy bs delueed se well as a rate law.

Runs wsre alowed to procsed until no gmlvanometer changee could be Zetected
over 2 period of 20 minutes. This was assuned te represent equilibriim and
values of oquililriumconstent werecomputed from sueh dats, with the 2NO,+ROH=
RONO#H!D, stolichiometry being assumed. :

Serione limitations on the uee of Lhis method preclude use cuside the ranges
of partisl pressures usod in this work. Partial preceurses are limited ¥y the.
tapor pressures of the mloohcle and 3y formation of liquid phases in the presence
of PRO, at partial prassures much learn then the vepor pressures of eold and &lcohol
At !\.!.ggu' temsperatures where these limitations no longer apply, reaciion rate

boconss 80 slew, »nd cauilibrium convereion so lox thet precision in the messure-
nentes Ara poor. A

RESULTS

Using thias apparatus and prooedure, rete and equilidrium deta were taken -
for all lozer alcohole, 8) to Gy oxoept isobutamol at 2%5°, 40° amd 3%°C, in
pyrex apparstus with 8/Y =0.9 ca~l. Date were taken in pyrex epparatus for
ethenol only at 8/¥ =1.4, and for methamol, etkrzmol, and n-propanol om paraffine
teflon and Aluminum surfases st 6/7 «1.03 O0.1.

“»

The varor phase rate was found %o be nogﬁgibh vith respect te wall resction !

reatee. Reaction 2te was found to be emmetly preportiomsl to tho seecond power }?;J
of the NOy partisl pressurs. A rete les of the form -

~aRD/dt = X (B/VR/(1+ Ky AN W2 A ) -
wan found to hold for-all alsohels inveetigsted, ror initial condititns. X
denotes the equilibrium oonstant for the 2WO,,No0, equilibrium, K, deuctes
adsordtion equilit-ium constant, and k; s surfate rate conetant.

Denoting the group KkJKi%¥: 8/¥ by "a®, it smas found that "a® has an
apparent sotivationsal emergy 0} =17 %5 =20 Xoal. Bests of edsorbtion sffecting
KA were dctermined to bs of the order of -7 to =12 Koal.

Ccmplete date are found in Dissertations filed with the lidrary, Univerzi4y
of Rotro Dame.

Pavafiine Burface:

Theee dats were teken Ly pansing & light beam through sectionz of coated

o < -
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glass tubing placed within the same cell in which the data of Pairlie (1)
wers taken. In the previoue work the light bee= had been paassl through the
center of the cell and at a distance of 5=7 om from any wall. The present
*Parafined cell® was placed at the bottom of the cuter pyrex cell at such a
position that specific retes sloee to 0% greater than those ra:orted in (1)
were obtained, witheut the use of an innar ecell.

Rate data tskmwith the parsaffine cell was found to be first order in
aleohol, but with a specific rate constant leee than half thst rsported in
(1). Experimsntal vslues must be further corrssted for the free communication
of the paraffined cell with the larger exterior vacuum tight pyrex ¢ ntainer.
If ne reacticn hed tsken place within the peraffine surface, an indicated
ficticioue rste would sppear to take piuce due to withdrawal of NO, ae reactior
takes place in the outer tube with e throe yeilde two etoichiocmetry. With R =
expsarimental rate =ithin the wax csll, R, the rate cutside this cell, X the
mole fraotion KO, sns R, the true reaction rate within the wax oell,;

Ry = (R = (X/2)Re ) V/(i-3/2}
Data taken sre Tsbulated in Table 1, ku valude being corrected for free

commmication using values of speoific :ats conetant 0% greatsr than thoes

given in (1) ee indicated by present work, st the loocation used for paraffina
cell. ’

TABLE 1 Rate Data in Paraffine cell (8/¥V =1.0, 25°0}

Aleoltol s ROH Rate 'S
::‘2 =a =/ain =
Methyl 3.48 2.89 0.43 0.012 0.000¢ 0.003
5,78 4.40 C.T5 0.012 0.002
T.3% £.40 0.88 n.ot2 0.003
Av 0.002
Ethyl 3,58 1.41 0.2} 0.617 C.001
3.69 2.10 0.52 0,018 0.003
3,64 2.72 0.56 0.016 0.005
2.38 3.38 0.73 0.04 0.00%
3.08 4.46 0.70 0.017 G.0C%
5 Av 0.005
n=-Propyl 3.30 ©.30 0-14 0.043 0,007
3.13 0.86 0.37 0.044 0.019
3.2% 1.21 0.52 0,040 0.01%
2,73 1.%6 0.48 0.0M1 0.020
Av 00015

Yalues cf k&, ae tabulatedindiorts naximum valuss of vaporvhese rate
that oould abtain. It is poseidle that et least part of these rates may
reprossnt heterogenscas rvaaction on the wax aurfuce, & poesibllity that
ie likely in the 1light of the insremsing rate obtained ae the orgsils rwéical
is made larger. Vapor phkse resctioas &rs at best elow conpared with wall

resctions and oan he neglected with repect to heterogeneous rates obtaining
with other sufuces inveutigated.
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Pyrex Surfeee: Data were taken for sll 0, to Oj Alcohole (except i~Jutancl)
at 25, A2 and 55°%0 with surfeecs to volur:lrauo 0.9 ax"l, and with ekhanol
oniy et 8/¥ = 1.4

iz the resction was wall catalysed, it was expected that rete equutions

of the form ) 2 S ”
-0, /dt =(X,K, 5g 8/V) (W03 A - W0y BONO/Keq)( 1/(24K\M + KyM03))

veuld obtain. It has hoen foumd by four investigstors working at vericus temp-
rstures, pressures ard B/V ratiss that tke reaction rete dipends on exsotly
the sscond power of the partial prsssuro. Thus sust be smmll. Under
initial oonditions, terms invselving product sre ngt lved in the rete law,
Thue defining koK, K;8/7 = &, and -aM0,/at/R0s2 A = K, :

1/x = (1/3 )(1 + kA"

Pigures 1 through 7 grosemt the experimental data takem, 1/k being
piotted against aleohol partisl pressure with m=1 . Inssmuch &3 thess plots
res=u:l%d in straight lines, the asswuaption of n=l1 ie correct. Intercepts of
thesz plots provide values of the cemposite constant "a® and combimtion of
slops and intsrcept cives values of K,.

- The facter “J* appearing in the ordinate of Figures 1 to 7 represents .
(208-7)2000 / 298 RY and sssentialiy eorrests intercepts st higher ? to these
at 2390 enadling =1l 4ade foraons slsohol to bde shown togesther for comparison
purpesses. Mumbors Fajpearing in ordimates of Fig 1«7 are spparent activatiomsl
encsgies csnceinted with the oonstant "a%, ix Xesl/gmol.

3 This method ef prasenting data is mme that emphesiges ary seatter in the
éats, Deviations from the curves drsam can bs ettriduted to errors in
graphical differentiation, for as little ss % error in this operation will
cuse deviations of the ordar indicated in the plots.

2lepss of the plots were usad te estimate values of the adsordtion
constant X; Gt the thrse temperatures investigated. X, was ploited vs 1/T
and heat, of adsordiien estimmted. Secendery and tertdary sleehols at 35°C
ghve slepes se near te sero ae to be useless in the setimtion of K,. Hests

of wdsorbtien for thsse alschels are based on values st 25° and 40%0 enly and
are henoco of less reidability. ’

Valuee of the censtants at 2°°C and values of ensrgles of sstivation and
heat of sdsor¥tien are given in Tabdle 2. » the tris surfeee rete constant
and ite oorrespemding Goiivatioml emzpiy, were ocmputed with the cssaption
the 1,0, rether than 2 M0 de the true resctive speeies. Thws k, « o/X, X, (3/V),
nd * R+ A6 sl 41,2 . 3.6 Koal represenis-the heat 38 the resction
270, =40, » 8nd the facier 1.2 corpensates for changes in Sarsentration with
ineTorssd temperawife, it havinyg bean determined that the fastar (%/298)2
closely appreximtes exp -1,200 (298-M/298RT in ths short peege used.
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TADLE 2 (ometents at 25°0, heats of Adsorition and Activation
Pyrex Surfece
Aleohol m:ﬁ/m‘ggl mn E, lug’pol K.
Hetlryl 0.33 0.83 48 -17.2 8.3 o7
Rthyl 0.29 0.64 4 T a2 e
n-Propyl 0.33 0.74 s3 ~16.2 1.2 o7
a-Butyl 0.5%% 2.0 33 «15.0 S0 o7
1-Propyl 0.11 0.20 66 “19.0 ~12.5 ¢9
sec=Butyl 0.25 0.60 -%0 =23 2.3 2
t-~sutyl 0.067 0.20 &0 «16. «10. +8

At the outset of this work when rescter surf2cc vas new erd ciean,
abnormelly high rates were observed. Deta was not repreduceabls until

. four 40 fiva runs hed been mede. Thus olsan glasa surface is mors highly

satalytic than "used glase®. After these intial runs, repreducestls dste
could be taken at sny time indicating mo furthsr surface fouling.

In meny runs an induotien period wae observed, oxpecielly with the
higher elechols. Pressnus or absense of induction vus evidertly influensed
by the length of time sapant in evaviation of 4he proastion cell, but 4id
not eppear to influence rat:e ohtained after ths resciion began. Retes
taken with or without induetion fell on the seme ow'<ve and vere wsed
interchangeadly in plotting Piges 1-7. Rather than invalidating the data
1¢ 1s falt thet thess industica periods serve only to imitcate that time
reguired to Goae to adsorbtion equilidrium was ef such mignitude as ¢o
be ineffective in varying resulte obteined. It is tentitively postulated
thst induction times obssrvsd represent iimes required by the system in
the dullding up a first monclayer 1f this had bsen essertially stripped
of? by sxtensive pusping.

Data takon with ethenel in smell rescters where intial mixing errors
could de miniuised using & non-simulteneoiis additions tesdnique shewed
rate data comparsbis {e¢ thet taken sith eimultanssus additiom ¥aen WO
wveg added first, dut oomsidersbly hizlhier ratas when ihes alechol was added
first. Thus 1t is indicated 4w & somsuhat different matmer that alcohol
is the adsorded species and not KO3,

8/v Ratios The sffect of 8/¥ eaild not De tested over long ranges. Pigure
8 indeates that the constant a veried exmctly in proportion of the 8/¥
ratios involved {1.4/C.9). Thus rate 13 indiested to be preportiomal te
8/V ratios in emeil reactors.
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Teflen and Aluminum Surfscess Date wers taken using "fres comoumicetson'
technigue eimilar to that used with narsffin, surface. Rates ars carrected
for free cormunication, and were taken at 25°C for Ethanol and n~-Propancl.

Oorrosior. data taken in this laboratory in the liquid phace indicates
that aluminum and stainiess stssl stand up weil to tha peouliar condions of
this reaction (no sorrosion on stainisss steei and 100 mg/eqdn/dsy under the
worst conditions,fer Al,-' less under other conditions). Thus these data
were taken so that retes might be estimsted within surfuces which might bs
of perticular use undsr industrial conditions, ss %ell as to evaluate %tho
effeots of inert organic surface and inorganis oxide (Al305) surfaces on the
kinetios of this resction.

Teble 3 indiostes that both adsorbtion K and surfmce rate k sre reduced
vhen teflon ie substituted for pyrex surfsce, but not so much =¢ o zaks thie
surface useless as & catslytic surfacs. Al (A1,0,) surfsce indicatss & lesser
surface rate constant, but greater sdsordtion i 2- oompared to pyrem. Ratee
are not ssriously rsduced at theee pressurss.

TABLE 3 Rate snd Adeorbtion Constants for Vsjious Surfacss, 5%

B/V = 1.0 ¢ 0.1 om

Material Ethano) n=-Propanol
e K23z ks %25 Fapgw K28
Pyrex 0.29 0.65 5A 0.3% ©C.7% 53
34 0.67 141 =

Teflon 0.12 0.3
Aluaimm 0.22 0.8 29

Ratas after initial conditionss Pairlie et al (1) revorted that ths resctiom
waa autoostalytio. The pressnt work substantiates this. Rates tdken after
inftal sonditions are highsr than predioisi firom the intial ratée law. However
whareas it whs previocusly rsported that this sffeat wae depsndant on the
time elapsed from intial vonditions to the time of metsurement, this ¢ffect
Las not bevm found to apply in the prasent work. 1t has been fourd that rates
after intial oconditione are higher than predicted from the intial rate law
snd the poetulated stbichic.etry ¥ a feetor of (1 + 0.8(N0, ~N0p)). Only
typlecal data takon from ruvs using n-Proparwl is rhown in go 4, very
similar bdehavicr was noted with other alechnls.

Table 4 Rate Data After Initisl Conditions..n-Propancl, Pyrex Veesel,S/V=0.9
{vslues taken at rendom from runs av vericus initial pressurse)

mm X0, reacted Actusl Rete/Rate predicteod from intial iaw,
2500 5%5°¢C
0.4 1.36, 1.4, 1.48,1.48 1.2, 1.28, 1.35, 1.5, 1.38
0.8 ) 1.6, 1.7, 1.75, .73 1.%2, 1.%3, 1.8
1.'2 .85, 2.0 1.87

1.6 2.2
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Equilibrium and Stoichiometrys Equilibrium wae found to be & ccasideradle
limitati on on oxtents of reaction. It wes found that omly with the grouping
of torms ae indieated by ths sticchiometry 2N02¢ROASHNOZ*RONO ocould a constant
valas of ths equilibritm oonstant be omputsd from the data teken with five
fold variance in partisl pressures of spéciee pressnt in the equilidrium
mixture. Thus 1t is inferred thmt the bBaeic stoichicmetry is ss indiecmtad,
at all temperetures investigated.

For ths simight chain alochols, plots of logk vs 1/T indicated straight
lines from whigh estimation of heat ef reamstion oould be sade. Data iaken
with secordary and tertiary alochols, whils indicating the same general trends
was erratie and cs-not be used for other then qualitetive estimtion of trends.
Prom heat of reection data and va'ues of ths constente, sstimstione wars made
of heat of formation snd sttndard molal entropy of ths nitrite esters. These
dats are tablleted in tavie S.

Tadlo 3....Indicated =quilibri:um oonstante for the resotion 2NO;+ROH=HMOs*RONO
aseuning the indiocsated etoichiomatry.

Alechol K (myl) Heat of Rosction  Nitrite Propertios
25%0 hoog 55°0 Keal/gmcl He s

Nethyl 1.60 0.31  0.10 . «17.8 ~17.06 65.4
Ethyl 0.91 0.143 0.032 221 -28.58 61.8
n-?l'.‘pyl 1005 0. 16 0.02% =24, 1 "70& 62-8
neButyl 0.5 0.07T2 0.010 -26.% 45,26 67.6
Deamyl 0.24 0.026 =271.9 53,8 75.0
1-Propyl 0.27 0.1% 0.03

see-~Butyl 0.8 0.05 0.02

The properties of the nitrites while showing good agreemsnt for methyl
with the data of Leermakers (2) (17.06 as easpared with 15.75 for heat of
formaiion, snd &5.4 compared with 65.2 fer standard molsl entropy), indioate
seroue deviations from axpeotsd velues for ths higher nitrites. Velwes of entropy
are § to 10 units lese than would be indicated by statistiocal ocaputati one.

Messureasnt was such that deviations sould at moet esuse 25 arrsr o= sns
entrepy unit. Effects due %0 siructural isomerism {3) csa be shown %o have effeci
considerably lese than the S to 10 unite deviatior iu £. The ceonstmpy of X
s computsd indioates that pno seriocue deviation fr the basile stuichionstry
oould have ooccured, lut doe¢ not prsolude small devistiena duoe to asaveigtion,
adsordtica effects sto which would have thy effect of varyime comnemdweMonsdn
seh & manner thit K would be affucted sinilarly at all equilibrium sempesttiene.

Sxperimental heats of resction are highar than empeeisi. Thuuy experimental
K'e at 2% and A0° are high with respcot to these at 569, indicating highar
extents of reaction then would be expestsd. Asmooiziion. ades=btion ets inveiving
rosctonts would with the extents of reaction noted tend rather t= 1imit egquilid.
rium extent of reaction and cannot oxplain the effeaci=s nntad, Thue amle swsduct
association offers & tcnuble expidnation.

(2) ¢. Losrmakers and H.O. Rumepergor, JACS %A 1837(1532)
(33 P. Terte, Bull. Boe. Chim, beie. i oho(1om1)




P b,

WY O PN 1

If acseelation Mtocn predusts of {he form, ROMO » X, sttBBR ~~:i izrin

equilibrium oonstant of 0.1 being sssumed, the ratis #f the true esastant
for 4he over all resction to the congtunte ss g&vm ‘4 Table B are 0.33 whem
Eiy re2ctsd s 1.0me, and 0.77 when N0 rescted 1o J.0. Thess szsants of .

resction reprssent Values nesr 1o the exirsaes of oonceriratioca-umeé in this
work amd the devietion (M from themmit valns) is ef the erder of \he precisios
with =hie¢h the data was taken. Asncsiztiom will beeome less at higher T. If
sesvaed negligible ot 3500 and s value of 80X of the constsnt at 230 is sesuned,
heat of resciien:ie indicated te be semc 1800saleries leocs 4hka tGluisted in
bl sud algsiute entropy ef the miti-ite 1o smmée -6 write bigvr. IS e
m-\p!w ' Psdust asvecistion 10 ths extent of showi™t0f of-the
preduct formed titkes plase sud 1¢ s couse for the unwenally low nluo of Browo
indficated in this wark.

Bitr!.toomtrio Acld assetistion is not unaxpeeted inmsmtish ss mz:zglo-
ROR selutions in the ligquid phase kave beem shown te bs singulsrly unr ive
with respect tiic ks oxtdations expested. =iriis ssisss appear to de oxidationm
inhibiters in suoch- solwtions. . :

DISCUSBION

Results indiocmie that vapor phase rate amounte st nmost a few psroent of
the svarall retas abserwad ond i3 Tor 22g14zibls in thio werk. It has further
boon toma that surisce rate tenon an oqutm of ths ferm:

_:;-,2,-:5%. - (e LA ) s,fv)g ¢ 0.812 _L)_( m,_ ROl - g;u)

where 2 doaotec' w 30, reactod.

Hdjscant site swisoe’ 'ttnt.tolhd -nm-n indioates that the dememimmbidr
should enter te the secend powear, whilse sdsordtion rate centrolling mechiniems
indieats numeratds dops 3 net in sescri with experimemtal findM=ps. Phue
it i* posteluted tDAS NO,. } resnts dirently witd adserbed aleshsl ﬂM
iisele first sicserbiag. “I8 Ls possible to pastmiamte 8V.M0, asscointes with
already adsorhed alamhc) and ther. resets with.- nz dirwetly frem the vaper phase,
& mechaniem indissting e ‘rate m ef s;‘ _

~di02/ ¢t =(k KXy MO, ) € 1/(1 » &, Re){d o uo,)

for invial oonditioms. In ordor um. the cosond. orié bekaviar with Tespeel o
be tssountad for, sust be of the erdes of .0l und must show a hes§ ' of

ao%ocd.a‘noa or adsorbdticon above 8 Lo 10 Xoml. Thewe wlises «re ”uiblo and

P Y.

BUON & @schauiewm emimot bb uisehrded at this ti”-

Hetkc of tdmuioa wore found $0 be of the order of magnitudc of hests of
vapertsation. Oouplod with the induction effccie neted, this Peplies thad
refgkion takes pisss #itir the ecvatielly liquid phase diter sdgarted namclogare
of alooinsl, Hsate of adsordtion mers significsntly ii\gher fa7 vecomdiry snd
tertisry alochols than for the primery while ths reverss treud wes noted in 4ihe
mignitode of the constimie, Thas o algnificsmt 4ifferenns extsts in ontroyy of
Giserdion 25r primnry slaolole as sompared 4o st.hcr typesd

Surface rate cer.utam.c aad encrgy quakiities wre very sirilar for all -.ldaolu,




»4

Secondary Butsnol snd Ethenol showing some sxceptiom. is H, for eeo-
Butanol was determined from only two values of K,, devistion wmay be

ctused by experimental error. Values of hesat og.ndaorb‘oton for oﬂm:-.ol‘
appesr low, but no explanatisn can be found for this benevier ai this time.

The work of Fairlie, Gurberry and Troscy (1) was done in a resctor
with 8/7 = 0.3. Extrapolation of the present data to this 8/¥ indicates
that speoifio rate conetamts of the erder of 0.1 ehould have been noted
instead of the 0.03 mported (methanol). Further, deviatiocns from first order
in aloohol zhould have beer noted. In thc previows work, ias =sasurement
light beam paeesd Scmm from the wall. The reported rates represent s =4 xtura
of fres communicetion effecte (coneideriny the 1ight bssm ae & reaction cell)
and convection-diffusion from the vapor phuse to the walls, The eituation
ie oomplex ané rv Ssubt masked deviatiens in aloohol order. The data in
all probabtility have 1ittle signifcance except for use in deeign of large
size resctores. Time dependance in the autocstalytio sffect may be attributed
to di‘iusion-convection effects. In the present work, mare transfer effecte
are &t bvest emall due to the reasctor sise ussd and the fact thet the messure-
ment beam was of cell die=ster. Diffusions}] gradients in the preeent work
were approximately 10 times thoee of the prevbue workers.

The autcsatialytioc effect noted oamnot bte conesidered to be dus to ad-
sorbtion rate phenomens, for the esms inorsuse¢s in rals wers nctei with
very coneiderably different initial amountr of intial resctant chargsd, with
attandant differencse in pertial preesure and time w schiare thiv condition.
Work in this laboratory indicates that while 10, "RUHC, HoC and nitrites
in the feod charge had little offect on intial rate, O.%m HNOax inoreased
rates observed by 30X. Ae O.5um corresponds tv 1.Cmm NO, reacted, the cat-
alytioc effect of HNOx alons mcnount for 69X of the observed sutocaislytiic
effect. The balenes ey be accounted fer 12 it bde assumsd that Nitrite-
HNOx associatioms complexes are alao oatalytic 4o theo reaction. At the present
time it 1¢ not known if thie autoeatalysis is a wall effect or if it repres-
onts & vapor phase ocatilytic rais.

8ince both rate and equilibrium conversion are sericiiely reduced by
increared Temperature, practical use of thie reaction will dbe limited teo
lower temperatures. Surfaces inert to chemicsl attack (Teflom, Alunminum)
while showing reduced rates of reaction, are indicatad to de serviceable
for uze in running the resction.

Departnent of Chemical Rngineering
University of Notre Danms
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